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Abstract: The mature embryo of seven species belonging to five genera of 
Indian bamboos i described. In all these the basic pattern of embryo rganisation 
is same: the scutellar and coleoptilar bundles are not separated by an internode, the 
epiblast is absent, the lower portion of the scutellum and the coleorhiza re 
separated by a cleft and the margins of embryonic leaves overlap. The features 
unique to fleshy fruited bamboos are: presence of a massive scutellum, the 
juxtaposition ofplumule and radicle and the occurrence ofa bud in the axil of the 
coleoptile. The fleshy fruit bearing bamboos hould be classified into one group, 
the tribe Melocanneae. Evidence is provided to recognise additional groups in the 
subfamily Bambusoideae. 
The structure of caryopsis, embryo and seedling has been used for 
classifying the family Gramineae into major natural groups. The grass 
embryo has been studied, particularly with reference to its systematic 
significance by several workers (Bauys 1892, VAN TIE,HEM 1897, 
YAKOVLEV 1950, STEBBINS 1956, REEDER 1957, 1962, KIN~ES 1961). 
REEDER (1957, 1962) recognised six kinds of graminaceous embryo 
including the "bambusoid embryo". Out of 1000 species of bamboos 
recorded from the world, the embryo has been studied in only about a 
dozen. The aim of the present work was to investigate he form of mature 
embryo in both endospermic and non-endospermic fruits of bamboos and 
to ascertain its significance in the refinement of circumscription of the 
tribes in the subfamily Bambusoideae. Four characters of the embryo, 
considered important by REEDER (1957, 1962), have been used for 
comparison. 
Materials and Methods 
Embryos of Bambusa tulda Roxm, Dendrocalamus hamiltonii NEss & ARN., D. 
longispathus KuRz, Melocalamus maclellandii, M. compactiflorus BENrn & HooK., 
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Ochlandra travancorica BENTH & HOOK. and Pseudostachyum polymorphum 
MuNRo were studied. Mature fruits of B. tulda, D. longispathus, P. polymorphum, 
and M. compactiJlorus were collected by the first author (B. H. G.) from the forests 
of Mizoram, of D. hamiltonii from Assam and Meghalaya nd of M. maclellandii 
from the arboretum of the Forest Research Institute, Dehra Dun. Voucher 
specimens are preserved in the Herbarium of the Department of Botany, 
University of Delhi. Dr. K. N. SUBRAMAN1AN of the Southern Forest Research 
Centre, Coimbatore, kindly passed on some mature fruits of O. travancorica 
collected from Kerala. The fruits were fixed and processed for microtomy 
following the procedure given by HARI GOPAL & MANASI RAM (1981). 
Results 
A thorough investigation of early embryogenesis was hampered in 
spite of sectioning a large quantity of embedded material because of (i) 
heavy sterility in the bamboos which showed sporadic flowering (D. 
hamiltonii, P. polymorphum), (ii) degeneration of the embryo sac at the 
pre- and post-fertilization stages and (iii) insect damage to the ovaries in 
bamboos that flowered gregariously (B. tulda, M. compactiJlorus). 
Consequently attention was focussed on the study of the mature embryo. 
A species-wise account follows: 
DendrocMamus hamiltonii. A longitudinal section of the mature 
embryo along the anticotyledonary plane is shown in Fig. 1 A. The 
coleorhiza nd the lower part of the scutellum are separated from each 
other by a distinct cleft (Fig. 1 A, arrow). The coleorhiza does not extend 
beyond the point of attachment of the coleoptile, that is, no epiblast is 
formed. The vascular supply to the coleoptile, shoot apex and the 
scutellum arises from the same point (not separated by a node). 
Transverse sections of mature mbryos in the coleoptilar region show two 
vascular bundles in the coleoptile and the overlapping of leaf margins. 
D. longispathus. The structure of the mature embryo of this species 
resembles that of D. hamiltonii and is shown in Fig. 1 B. 
Bambusa tulda. The structure of embryo ofB. tulda also resembles that 
of Dendrocalamus. However, it differs from it in having a well-developed 
axillary bud between the coleoptile and the first foliage leaf(Fig. 1D). The 
lower portion of the scutellum is less developed and the coleorhiza nd the 
radicle grow beyond it (Fig. 1 C). 
Fig. 1. Median sagittal sections of embryos of bamboos.-A Dendrocalamus 
hamiltonii; B Dendrocalamus longispathus; C, D Bambusa tulda; D enlargedview of 
the bud in the axil of coleoptile; E, F Pseudostachyum polymorphum; G Ochlandra 
travancorica; H a portion of the embryo f Melocalamus compactiflorus: note the 
bud primordia in the axils of leaves. - b = bud, col = coleoptile, er = coleorhiza, 
end = endosperm, fw = fruit wall, l = leaf, p = plumule, r = radicle, s = scutellum 
Fig. 1 
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Pseudostachyum polymorphum. As viewed in a longitudinal (anti- 
cotyledonary) section, the scutellum is generally equally developed on 
either side of the embryonal axis with a depression in the middle, 
resembling a bowl in which the plumule and radicle come to be situated in 
a juxtaposed condition (Fig. 1E). The radicle is curved towards the 
plumule. In very rare instances, however, the upper portion of the 
scutellum is more elongated and pointed than the lower (Fig. 1 F). The 
scutellar cells contain abundant starch grains. 
Melocalamus raaclellandii. In a mature embryo the scutellum is the 
largest part and is spherical or oblate with a depression towards the apex 
in which the plumule and radicle are situated (Fig. 2A, B). The outer 
surface of the scutellum is wavy and remnants of endosperm can be 
noticed in the depressions (Fig. 2B, arrow). The cells of the scutellum are 
parenchymatous and contain a large amount of starch. The vascular 
supply in the scutellum is much branched. 
The plumule and radicle do not occur in the same longitudinal xis but 
lie parallel to each other (Fig. 2C). In a mature embryo the plumule 
consists ofa coleoptile with a bud in its axil, about 7 to 9 young leaves and 
a conical growing point (Fig. 2 C). The coleoptile ishairly and has 9 to 15 
vascular bundles. The leaf margins overlap and each leaf has a varying 
number (6 to 10) of vascular bundles. 
The radicle has the shape of an oblique cone and is smaller than the 
plumule. The coleorhiza tends to grow more on the side proximal to the 
plumule (Fig. 2 C). 
M. compactitlorus. The structure of the mature mbryo f this species 
resembles that of M. maclellandii except for the following details. The 
plumular leaves have one bud each in their axils (Fig. 1 H). The buds at the 
lower nodes have two or three leaf primordia each. The basal nodes of the 
plumule also bear adventitious root primordia. The epidermis of the 
coleorhiza nd the coleoptile are covered with two-celled hairs. 
OcMandra travancorica. The mature embryo resembles that of 
Melocalamus in all the characters except in the shape and size of the 
scutellum and the position of the embryonal xis. The scutellum is oval- 
oblong with the embryonal xis situated towards the base of the fruit (Fig. 
1 G). The upper part of the scutellum isembedded inthe endosperm which 
does not contain starch. 
Discussion 
REEDER has examined embryos of over 300 species representing more 
than 150 genera nd all the tribes of the family Grarnineae (RE~DZP, 1957, 
1962). According to him the bambusoid embryo has the formula F + PP 
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Fig. 2. Embryo of Melocalamus maclellandii.-A Top view of the embryo 
dissected from the fruit; B 1. s. of fruit showing a massive scutellum with a wavy 
outline and embryonal axis: the endosperm is scanty and is present only in the 
depressions ofthe scutellum (arrow); C apical portion ofl. s. of embryo enlarged to 
show the plumule, radicle and portions of the scutellar girdle: note the bud in the 
axil of coleoptile. - For abbreviations see Fig. 1 
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(F plus PP) meaning that the coleoptilar and the scutellar bundles are not 
separated by an internode (F), an epiblast is present (+), a cleft occurs 
between the lower portion of the scutellum and the coleorhiza (P) and the 
margins of the leaves overlap (P). PHILIP & HACCIUS (1976) studied the 
structure of embryo in Arundinaria lpina and Bambusa rundinacea and 
noted the formula F + PP as reported by REEDEP,. However, the presence 
of a bud in the axil of the coleoptile was a new finding in this study (PHILIP 
& HACCIUS 1976). 
Concerning the structure of the fi'uits of Melocanna bambusoides, 
STAPF (1904) had commented: "The most striking feature of the embryo 
next o the scutellum isthe curvature of the embryo, which is so strong that 
the inner faces of the plumule and radicle are contiguous. It is evidently 
due to this condition that no trace of an epiblast is seen. Its place would be 
the inner angle of the bend, where there is no room for such an organ." 
REBDER (1962) investigated the embryo of M. baccifera (= M. bam- 
busoides) and observed the curvature of the embryo but mistook the 
coleorhiza for the epiblast. It is quite likely that the embryos fildied by 
REEDER were not mature because the shape of the scutellum in Melocanna 
is oval-oblong and not like that presented by him (STAPF 1904, MOHAN 
RAM & HARI GOPAL 1981). 
In the bamboos investigated by us the coleoptitar and the scutellar 
bundles are not separated by a node, the epiblast is absent, the lower 
portion of the scutellum and the coleorhiza re separated by a cleft and the 
margins of the embryonic leaves overlap. Thus the bambusoid embryo has 
the formula F - PP (F minus PP). 
HOLTTUM'S (1956) classification of bamboos into four types: Schizo- 
stachyum type, Oxytenanthera type, Bambusa-Dendrocalamus typeand 
Arundinaria type was based on external morphology of the ovary. The 
development ofpericarp and embryo structure were not studied by him on 
account of paucity of material. However, he stated that detailed in- 
vestigations are needed before this scheme is placed on a firm basis. He 
placed Dinochloa with Melocalamus in one and Melocanna with Ochlandra 
in a different group. However, we have reported here that the embryos of 
Melocalamus and Ochlandra have a massive scutellum, marked curvature 
of the embryonal xis and an axillary bud in the axil of the coleoptile. The 
same features were also recorded in the genera Melocanna nd Dinochloa 
by STAPF (1904) and DRANSFIELD (1981) respectively (also our ob- 
servation). The structure of the ovule, absence of endosperm in the mature 
fruit (or the presence of an occasionally thin discontinuous layer) and 
fleshy pericarp are common to all these genera (STAPV 1904, PETROVA & 
YAKOVLEV 1968, DRANSFIELD 1981, HARI GOPAL 1982). In the light of these 
features it is proposed that all the above genera be placed in the tribe 
Melocanneae (as Melocanna was the first genus to have been described in 
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detail by STAPF 1904). There are two genera of fleshy fruited bamboos 
reported from the New World. These are Alvimia, an undescribed genus 
(only abstract published) from Brazil (CALDERON 1978) and Olmeca from 
Mexico (SODERSTROM 1981). The structure of the embryo in these two taxa 
has not been examined but the seedlings and the fruit wall resemble that of 
fleshy fruited bamboos investigated, and hence these may also be placed in 
the Melocanneae. 
In Pseudostachyum thescutellum isequally developed on either side of 
the curved embryonal axis and is not massive. In this respect i does not fit 
into the Melocanneae. On the basis of gross morphology of ovary 
HOLTTUM (1956) has argued that the genera Pseudostachyum, Teinosta~ 
chyum, Cephalostachyum and Schizostachyum should be merged into a 
single genus. The drawings (showing the) of fruits in these genera s given 
in GAMBLE'S atlas of Indian bamboos (GAMBLE 1896) indicate the 
possibility of similarity of form of the embryos. As no other mature 
embryo of bamboos tudied so far resembles the embryo of Pseudosta~ 
chyum, we believe that this genus hould be placed in the Pseudostachyeae. 
REEDER (1962) has studied embryo structure in Cephalostachyum fuch~ 
sianum and nine other species of bamboos. Though he has not described 
the structure in detail, the figure showing the embryo of C. fuchsianum 
(REEDER 1962, Fig. 7) indicates that it resembles the embryo of P. 
polymorphum. Nevertheless, a detailed investigation of the structure of 
embryo and fruit wall in all the three genera (Pseudostachyum is 
monotypic) is necessary before establishing the validity of our view. 
The embryo in Bambusa has a large bud in the axil of the coleoptile. 
The lower part of the scutellum is less prominent than the upper. The ovule 
characters and the fruit wall development are similar in Bambusa nd 
Dendrocalamus (HARI GOPAL & MANASI RAM 1981, HARI GOPAL 1982). 
Thus, a Bambusa~Dendrocalamus group of bamboos may be recognized. 
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